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Several methods have been employed in recent years to detect small intracardiac shunts. These include indicator-dilution techniques utilizing either indocyanine green,1 ascorbic acid,2 hydrogen ion by inhalation or injection,3 or a radioactive gas (85krypton )4 as indicators. Selective cineangiography has also been considered5' 6 to be a sensitive method. Of these techniques indocyanine green, hydrogen ion, and cineangiography are the most generally used. Comparative studies to determine the relative accuracy of hydrogen ion inhalation and indocyanine green as indicators were performed by Hyman and coworkers7 and Hugenholtz and associates. 8 We have found no reports comparing the accuracy of selective left ventricular cineangiography with selective injection of indocyanine green into the left ventricle as indicator for the demonstration of small ventricular shunts. small. In the determination of ventricular septal defects, it has been recommended that at least a 5% difference be present in oxygen saturation between two serial samples obtained from the right atrium and the right ventricle. 17 Grayzel and Jameson"8 developed criteria for the diagnosis of ventricular septal defect from measurements of blood oxygen saturation by spectrophotometric methods.
In their discussion, these authors considered the work of Barratt-Boyes and Wood,'9 who had suggested that a difference equivalent to a 3% or greater saturation in paired samples of blood from the right ventricle than from the right atrium could be considered as indicative of a left-to-right shunt. Grayzel and Jameson1'8 concluded from an analysis of their own data that the presence of a 3% or greater increment in all pairs of samples vas 100% reliable (the probability of correctly excluding a shunt when none exists), buit only 70% sensitive (the probability of diagnosing an existing shunt).
In our review of the 132 patients with proven isolated ventricular septal defects, 23
had less than a 3% maximum difference between right atrial or superior vena caval and puilmonary arterial blood oxygen saturations (table 1) , indicating a sensitivity by this criterion in our hands of 83%. Of the various auxillary methods available which are in general use in diagnostic cardiac laboratories, it would appear that indicatordiluLtion curves, using hydrogen ion or indocyanine green as indicators, and selective left ventricular cineangiography are the most valuiable. Hugenholtz and his associates' found 18 patients in whom an early appearance of hydrogen ion in the right heart demonstrated the presence of a left-to-right shunt when the oxygen data had proven inconclusive. In 11 of these 18. the presence of the shunt was confirmed by means of surgery, cineangiography, dye-dilution curves, or intracardiac phonocardiograms. They experienced one instance of a false-positive re-cording in a child in whom no shunt existed and encountered two other cases in which the early appearance of hydrogen ion in the right ventricle might have caused confusion in diagnosis if hydrogen curves from the femoral artery had not been subsequently recorded. Likewise, Vogel and associates20 demonstrated the value of hydrogen ion curves in establishing the presence of a left-to-right shunt in 10 patients in whom serial blood oxygen determinations were equivocal. Hyman and co-workers7 in comparing the sensitivity of the hydrogen electrode with indocyanine-green indicator-dilution curves and oxygen techniques found four patients in whom both the hydrogen system and the green-dye technique demonstrated the presence of a left-to-right shunt, while the oxygen method gave equivocal or negative results. In none of these three studies was comparison made between the sensitivity of the hydrogen technique or indocyanine green with selective left ventricular cineangiography.
In our study, left ventricular cineangiography failed once in the 23 patients, in whom the presence of a ventricular septal defect had not been demonstrated by blood oxygen determinations. Indocyanine greenindicator curves failed twice in the 12 children in whom they were performed.
Comparing our experience with selective left ventricular cineangiography and indocyanine-green indicator-dilution curves with that of others comparing indocyanine green with hydrogen as indicators, it seems that there is little difference in the overall sensitivity of these three methods in the detection of small ventricular shunts. For the complete exclusion of a ventricular septal defect, more than one technique should be used. 
